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copolyesters of terephthalic acid and 
i,4-<:yclohexan£dihethanol having 

IHPROVED MELT STABILITY 



TechnjLcal Fj,eld 
5 This invention relates to copolyesters of 

terephthalic acid and 1 , 4— cyclohexanedimethanol 
containing selected phosphites or phosphonites which 
improve molecular weight retention after exposure to 
melt temperatures. In the phosphite or phosphonite, at 
10 least one of the P— O bonds is attached to an aryl 

radical. The compositions are useful in clear injection 
molding applications. 



Background of the Invention 

Thermoplastic polyesters^ such as poly (ethylene 

15 terephthalate) [PET] ^ poly (butylene terephthalate) 
[PBT] , and copolyesters of terephthalic acid and 
1 , 4*cyclohexanedimethanol [PCT] are useful as injection 
molding compounds for a variety of applications. These 
materials are sometimes reinforced with glass fibers or 

20 mineral fillers to enhance properties. However, with 
the present invention, clear injection molded articles 
are produced. Applications include automotive parts, 
appliance parts, and electrical— electronics parts. The 
thermoplastic polyesters have useful combinations of 

25 strength, heat resistance and chemical resistance for 
these uses. 

Many times the thermoplastic polyester is processed 
into the final article of interest by injection molding. 
In the injection molding process, a quantity of material 
3 0 is melted but only a portion of it is injected into the 
mold. It is possible that melted material will remain 
in the molding machin for several minutes (perhaps as 
long as fifteen minutes) before it is injected and 
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cooled. For *this reason, it: is desirable for ^he 
polymer ^o have excellent s-tability so that: it will 
maintain high molecular weight even after several 
minutes holding time at melt temperatures. Maintaining 
5 high molecular weight is important in maintaining 
mechanical properties such as tensile, impact and 
flexural strengths. 

This problem of melt stability is especially 
significant for POT based materials because of their 

10 higher processing temperatures. The higher processing 
temperature accelerates the degradation rate. 

A method has been discovered for maintaining the 
high inherent viscosity (I.V.) of the polymer by 
compounding certain stabilizers into the formulation. 

15 These stabilizers require that at least one of them be a 
phosphite or phosphonite, which will give the desired 
retention of inherent viscosity. Unexpectedly the 
stabilized copolyester composition requires little or no 
increase in injection pressure, at equivalent 

20 temperature and injection speed, in order to fill the 

mold. Also unexpected is the elimination of gate blush, 
and sprue sticking in the molding process of certain 
parts. One would expect that an effective stabilizer 
system would improve the retention of polyester I.V., 

25 but it would also be expected that the increase in I.V. 
would be accompanied by a dramatic decrease in melt 
flow. 

The use of certain phosphorous— based stabilizers in 
polycarbonate, and in polyester^olycarbonate systems, 
30 is disclosed in European Patent Applications 0 320 658 
and O 320 652, respectively. 

European Patent Application 0 273 149 discloses the 
use of a phosphate compound as a component of a 
f rmulation« Phosphates ar n t within the scope of the 
35 present invention. 
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Descriptilon of the Invention 

According to the present invention there are 
provided clear copolyester molding compositions with 
improved stability in the melt comprising 
5 a) a copolyester containing repeating units from 

terephthalic acid and 1,4— cyclohexane— 
dimethanol and having an inherent viscosity 
from 0.5 to 1.0, 
b) 0.1— 1,0% , preferably 0.25— 0.5%, by weight of 
10 the total composition of an organic phosphite 

or phosphonite wherein at least one of the P— O 
bonds is attached to an aryl radical. 
In a preferred embodiment of the present invention 
there is provided a molding composition with improved 
15 stability in the melt comprising 

a) a copolyester having repeating units from a 
dicarboxylic acid component and a glycol 
component, at least 65 mol % of said acid 
component being terephthalic acid and at least 

20 50 mol % of said glycol component being 

1, 4— cyclohexanedimethanol, said polyester 
having an inherent viscosity from 0.5 to 1.0, 
and 

b) 0.1—1.0% by weight of the total composition of 
25 an organic phosphite or phosphonite wherein at 

least one of the P— O bonds is attached to an 
aryl radical. 
The copoly esters of terephthalic acid and 
1 , 4— cyclohexanedimethanol contains repeat units from a 
30 dicarboxylic acid component and a glycol component. The 
dicarboxylic acid component, a total of 100 mol %, is at 
least 65 mol % terephthalic acid and the glycol 
component, a total of 100 mol %, is at least 50 mol % 
1 t 4— cyclohexanedimethanol . 
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The dicarboxylic acid componeni: may contra in up to 
35 laol % of other conventional aromatic, aliphatic or 
alicyclic dicarboxylic acids such as isophthalic acid, 
naphthalenedicarboxylic acid, cyclohexane-dicarboxylic 
5 acid, succinic acid, sebacic acid, adipic acid, glutaric 
acid, azelaic acid and the like. Isophthalic acid and 
cyclohexane dicarboxylic acid are preferred* 

The glycol component may contain up to 50 mol % of 
other conventional aliphatic or alicyclic glycols such 
10 as diethylene glycol, triethylene glycol, ethylene 
glycol, propanediol, butanediol, pentanediol, 
hexanediol , 2,2,4, 4— tetramethylcyclobutanediol , 
neopentyl glycol, and the like. Ethylene glycol is 
preferred. 

15 The polyesters useful in this invention can be 

prepared by conventional polycondensation processes well 
known in the art. For example, the polyesters can be 
prepared by direct condensation of terephthalic acid or 
ester interchange using dimethyl terephthalate. The 

20 essential components of the polyester, e.g., 

terephthalic acid or dimethyl terephthalate and 

1,4— cyclohexanedimethanol are commercially available. 

The polyesters and copolyesters described above 
should have an I.V. (inherent viscosity) of from 0.5 to 

25 1.0. 

The phosphorous— based compound is either a 
phosphite or a phosphonite, wherein at least one of the 
P—O bonds is attached to an aryl radical. Such 
compounds may be represented by the formulas 

30 

35 R O — ^(^ ^ Phosphite 
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5 
10 
15 
20 

25 

30 

35 

40 



Where at least: one of R, , R2 and R3 is an aryl radical of 
6 to 30 carbon atoms and any other (s) of R,, R, and R3 
are H or alkyl of 1 to 30 carbon atoms, or 



where at least one of R3, R4 and R5 is an aryl radical of 
6 to 30 carbon atoms and any other (s) R|, Rj and R3 are H 
or alkyl of 1 to 30 carbon atoms. 

Examples of such materials are Ultranox 626 
phosphite, Ultranox 633 phosphite, (General Electric 
Chemicals) , Irgafos 168 phosphite (Ciba-Geigy 
Corporation) and Sandostab P— EPQ phosphonite (Sandoz 
Chemicals) • 

In addition to the components discussed 
hereinabove, the blends of this invention may contain 
additives commonly employed with polyester resins, such 
as colorants, mold release agents, flame retardants, 
tougheners, plasticizers, ultraviolet light and heat 
stabilizers and the like. 

The compositions of this invention are prepared by 
blending the components together by any convenient means 
to obtain an intimate blend. For example, the polyester 
can be mixed dry in any suitable blender or tumbler with 
the other components and the mixture melt— extruded. The 
extrudate can be chopped. The product is especially 
suitable as an injection molding material for producing 
molded articles. 

The copolyester compositions described herein may 
be blended with other conventional polymers. If this is 
done, preferably the copoly ster compositions are 
blended with a polycarbonate. Useful polycarbonates are 
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the polycarbonates of 4 , 4 isopropylidenediphenol 
(bisphenol A). The I.V. of the polycarbonate is 
0*3— 1.2. The polycarbonate portion of the blends is 
prepared in the melt, in solution, or by interfacial 
5 polymerization techniques well known in the art. 

Many such polycarbonates are commercially 
available, and are normally made by reacting bisphenol A 
with phosgene, dibutyl carbonate, diphenyl carbonate, 
etc. 

10 The following examples are submitted for a better 

understanding of the invention. 

In the examples, the following designations apply: 
A — Irganox 1010 stabilizer, which is 
pentaerythr ity 1 tetrakis ( 3 , 5-ditert-buty 1-4- 
15 hydroxyphenylpropionate) . 

B — Weston 619 stabilizer, which is 
distearylpentaerythrityldiphosphite. 

C — Victastab HHP stabilizer, which is 
di (polyoxyethy lene) hydroxymethyl phosphonate. 
20 D — Ultranox 633 stabilizer, which is bis (2,4, 6— 

tri— t— butylphenyl) pentaerythr itoldiphosphite . 

E — Irgafos 168 stabilizer, which is tris(2,4— 
ditert— butylphenyl) phosphite . 

Example 1 

25 The cdpolyester in this example has repeat units 

from 100 mol % terephthalic acid, 65 mol % 1,4— cyclo— 
hexanedimethanol, and 35 mol % ethylene glycol. 

Stabilizers are compounded into the copoly ester at 
levels ranging from 0.1 to 0.6% by weight using a 

30 Brabender single screw extnider at 260— 300 ^C. The 

pelletized samples are tested in a Tinius-Olsen melt 
indexer at temperatures ranging from 290^C to 305^C for 
up to 15 minut s. Inherent viscosity (I.V.) data is 
determined on samples taken at 5 minute intervals for 
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15 minutes. Table 1 lists these samples with I.V. 
retention data. 

Example 2 

The copolyester in this example has repeat units 
5 from 100 mol % terephthalic acid, 80 mol % 1,4— cyclo- 
hexanedimethanol, and 20 mol % ethylene glycol. 

Stabilizers are compounded into the copolyesters 
where the copolyesters contained different levels of 
acid and/or glycol moieties or an additional acid 
10 component. The samples are then tested on a Tinius— 
Olsen melt indexer at 300 with samples being taken 
every 5 minutes for 15 minutes. Inherent viscosity data 
was determined, and is listed in Table 2 and 3. 

gXg^it^ple 3 

15 The copolyester in this example has repeat units 

from 95 mol % terephthalic acid, 5 mol % isophthalic 
acid, and 100 mol % 1, 4— cyclohexanedimethanol. 

A concentrate of Irgafos 168 (5 wt %) in the 
copolyester is compounded using a Werner— Pfleiderer 

20 ZSK— 30 twin screw extruder at a temperature of 260 ^C. 
The concentrate is subsequently added to the 
copolyester, to yield an actual stabilizer concentration 
of 0.15 or 0.3 wt %, in a Reed 200TE injection molding 
machine hopper, and 5 x 5 x 0.0625 inch plagues are 

25 molded at eq[uivalent injection rates and temperatures 
used to mold the copolyester. The copolyester I.V. 
before molding is 0.775 dl/g. The appropriate data 
appear in Table 4« 
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300''C 



Example 




pormulation 






0 Min 


5 Min 


10 Min 
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These examples show that the aromatic phosphite 
stabilizer (Ultranox 633) is superior to an aliphatic 
phosphite (Weston 619) for stabilizing copolyesters 
during melt processing. This product may be utilized in 
5 injection molded articles made using high molecular 
weight polymers with repeating units of terephthalic 
acid and 1,4'Cyclohexanedimethanol. 
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The above examples demonstra'te l^ha-t, unexpectedly, only 
organic phosphit.es and phosphonit-es in which at least 
one of the P— O bonds is attached to an aryl radical are 
effective in providing a useful combination of melt 
5 stability and other desirable properties described 
herein . 

Unless otherwise specified, all parts, percentages, 
ratios, etc., are by weight. 

Inherent viscosity (I.V.) of the copolyester is 
10 measured at 25'»C using 0.50 gram of polymer per 100 mL 
of a solvent consisting of 60 percent by weight phenol 
and 40 percent by weight tetrachloroethane. 

While the invention has been described in detail 
with particular reference to preferred embodiments 
15 thereof, it will be understood that variations and 
modifications can be effected within the spirit and 
scope of the invention. 
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Claims 

1. A composition of matter characterized as consisting 
essentially of 

a) a copolyester having repeat units from at 

5 least 65 mol % terephthalic acid and at least 

50 mol % 1 , 4--cyclohexanedimethanol , said 
copolyester having an I.V. of 0«5— 1.0, and 

b) 0.1— 1*0% by weight of the total composition of 
an organic phosphite or phosphonite wherein at 

10 least one of the P— O bonds thereof is attached 

to an aryl radical having 6—30 carbon atoms. 

2. A composition of matter characterized as consisting 
essentially of 

a) a copolyester having repeat units from at 

15 least 65 mol % terephthalic acid and at least 

50 mol % 1,4— cyclohexanedimethanol, said 
copolyester having an I.V. of 0.5—1.0, and 

b) 0.1—1.0% by weight of the total composition of 
an organic phosphite or phosphonite wherein at 

20 least one of the P— O bonds thereof is attached 

to an aryl radical having 6—30 carbon atoms, 
and 

c) at least one additive selected from the group 
consisting of antioxidants, colorants, mold 

25 release agents, tougheners, nucleating agents, 

plasticizers, light stabilizers, heat 
stabilizers and flame retardants. 

3. A clear, nonreinf orced composition of matter 
characterized as comprising 

30 a) a copolyester having repeat units from at 

least 65 mol % terephthalic acid and at least 
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50 iQol % l,4--cyclohexanediiiie'khanol, said ^ 
copolyester having an I.V. of 0.5— 1.0, and 
b) 0.1«-1.0% by weight of t:he 'tot:al compos lotion of ^ 
an organic phosphite or phosphonite wherein at 
5 least one of the P— O bonds thereof is attached 

to an aryl radical having 6^30 carbon atoms. 

4. An injection molding composition characterized as 
comprising 

a) 90—10 weight based on the weight of the 
10 composition, of the copolyester defined in 

Claim 1, and 

b) 10—90 weight %, based on the weight of the 
composition, of a polycarbonate. 

c) 0.1—1.0% by weight of the total composition of 
15 an organic phosphite or phosphonite wherein at 

least one of the P—O bonds thereof Is attached 
to an aryl radical having 6—30 carbon atoms. 

5. The composition of Claim 1 wherein said polyester 
consists essentially of repeat units from a 

20 dicarboxylic acid component of 80—99% terephthalic 

acid and 20—1% isophthalic acid, and a glycol 
component of 1, 4— cyclohexanedimethanol. 

6* The composition of Claim 1 wherein said polyester 
consists essentially of repeat units from a 
25 dicarboxylic acid component of terephthalic acid 

and a glycol component characterized as consisting 
essentially of 60—95% 1 , 4— clohexanedimethanol and * 
5—40% ethylene glycol. 

4» 
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7. An injection molding composition characterized as 
comprising 

a) 90—10 weight %, based on the weight of the 
composition, of the copolyester defined in 

5 Claim 2, and 

b) 10—90 weight %, based on the weight of the 
composition, of a polycarbonate. 

c) 0.1—1,0% by weight of the total composition of 
an organic phosphite or phosphonite wherein at 

10 least one of the P— O bonds thereof is attached 

to an aryl radical having 6—30 carbon atoms, 
and 

d) at least one additive selected from the group 
consisting of antioxidants, colorants, mold 

15 release agents, tougheners, nucleating agents, 

plasticizers, light stabilizers, heat 
stabilizers and flame retardants. 

8. The composition of Claim 3 wherein any acid 
component other than terephthalic acid is 

20 isophthalic acid, and any glycol component other 

than 1,4— cyclohexanedimethanol is ethylene glycol. 

9. The composition of Claim 3 wherein any acid 
component other than terephthalic acid is 
1,4— cyclohexanedicarboxylic acid. 



S£XDCID- <WO 9117209A1_L> 



INTERNATIONAL SEARCH REPORT 

International AppHeati o PCT/US 91/03067. • - 



I. CLASSinCATION OF SUBJ] 


j^^|ATTCR (if several classification symbols apply, indi^^^ll)^ 




According fo Iniernational Pateni 

Int.CKS 
C 08 L 69/00 


^^^fication (IPC) or to both National Classification and I^^V 

C 08 K 5/524 C 08 K 5/53g3 C 08 L 67/02 


U. HELDS SEARCHED 


Mtnimom Documentation Searched^ 


Classiflcatloo System 


Classification Symbols 


Int.Cl.5 


C 08 K C 


08 L 








Documentation Searched other t 
to the Extent that such Documents ai 


ban Minimum Documentation 

re Included in the Fields Searched* 






lU. DOCUMENTS CONSIDERED TO BE RELEVANT^ 


Categoiy <* 


Qtation of Document, with indication, where appropriate, of the relevant passages ^ 


Relevant to Oaim No.^ 




WO, A, 9105820 (EASTMAN KODAK CO.) 2 
May 1991, see claims 


1-3,5.6 
.8.9 


X 


RESEARCH DISCLOSURE, no. 313, May 1990, 
(Emsworth, GB), Anonlmous: "Oriented polyester 
film", page 368, see abstract 


1 


X 


EP, A, 0005447 (CIBA-GEIGY AG) 28 

November 1979, see page 7, line s 9-20; claims 


1 


** Spedal categories of died docnmcnts : '® 

"X" document defining the geoenJ state of the art which is not 
considered to be of particular relevance 

^E' earlier document but published on or after the international 
filing date 

1.' document which may throw doubts on priority ciaim(s) or 
which is dted to establish the pablication date of another 
citation or other special reason (as specified) 

'C document referring to an oral disclosure, use, edtibitlon or 
other means 

docttmeat published prior to the international filing date hut 
later thaD the priority date daimcd 


later document published after the international filing date 
or priority date and not in conflict with the apnlication but 
dted to understand the prindpie or theory nnoerlyiag tlie 
invention 

*X' document of particular rdevaaca; the claimed Inventloii 
cannot be considered novd or cannot be considered to 
involve an inventive nep 

nf' document of particular reievanoe; the claimed Invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such doco- 
meats, such combination bdag obvious to a pctsoo sidlled 
in the art. 

docttmcBf member of the same patent fuoXtg 


IV. CERTinCATlON 


Date of the . 


Actual Cofflpt0ion of the International Search 


Date of Mailing of this latemational Search Report 




20-08-1991 






International Searching Authority 




Signature of Authorized Offio^^^^ / 






EUROPEAN PATE]>nr OFFICE 


^^S^-^^^^WtSt. TAZELAAR 



Fbtm PCT/lSA/210 Ctecaal tell | Jamury IMSl 



iNSDOCI D: <WO ^9 1 1 7209A 1J_> 



ANNEX TO T^PlNTERNATIONAL SEARCH RE^^T 

ON INTERNATIONAL PATENT APPLICATION NO. US 9103067 

SA 47615 



This annex lists the patent fomily members relating to the patent documents cited In the above-mentioned international search report. 
The members are as contained in the European Patent ORice EDP file on 17/09/91 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 



Patent document 


Publication 


Patent ramily 


Publication 


cited in searc^i report 


date 


member(s) 


date 


WO-A- 9105820 


02-05-91 


None 






EP-A- 0005447 


28-11-79 


JP-C- 


1471975 


27-12-88 






JP-A- 


54141753 


05-11-79 






JP-B- 


63019518 


22-04-88 






US-A- 


4406842 


27-09-83 



I 

s 

as 
C 

e . — ■ 

M For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



SOOCIO: <WO_9117209A1_L> 



